The science on the preparation of the hydrodesulfurization oxidic precursors is coming of age, but the chemistry governing their preparation is not yet clearly understood. In this paper, the chemistry of alumina supported oxomolybdate preparation is revisited taking into account the dissolution/precipitation concept recently developed. Classical preparations with the ammonium heptamolybdate and Co nitrate salts will firstly be discussed. Then the use of new starting materials for the preparation of the impregnating solutions will be considered, showing that at high Mo loading the dispersion is strongly dependant on the nature of the starting salts. The use of phosphomolybdate cobalt salts will also be considered. Lastly we will discuss the improvement of the Co promoting effect using molybdocobaltate heteropolyanions as starting materials and complexing agents. This study shows that the maturation step is the determining step for the improvement of preparation of these alumina based oxidic precursor.
I. Introduction
Heterogeneous Catalysis plays an important role in the development of environmentally sustainable technologies which span across many important industries such as oil refining, petrochemicals, fine chemicals, power generation and natural gas conversion.
More and more stringent regulations on the pollutant emissions impose to improve these processes. In this context the improvement in the preparation of Hydrodesulfurization (HDS) catalysts has been driven by the need to produce clean fuels, based on the pressing requirement for environmental protection. The most industrially used catalyst is the CoMo/Al 2 O 3 , the active phase of which consists of well dispersed MoS 2 nanocrystallites decorated with Co or Ni promoter atoms according to the Topsoe's model [1] . These phases are obtained by sulfidation of an oxidic precursor that is generally prepared by incipient wetness impregnation of an alumina support with ammonium heptamolybdate (AHM) and cobalt or nickel nitrate solutions. In this method which is the most industrially used one, the volume of solution corresponds to the pore volume of the support, whereas in the equilibrium adsorption method the impregnation proceeds with an excess of solution, that is after eliminated by filtration. These solids are then dried and calcined in order to mainly remove the nitrate and ammonium counterions present in these conventional preparations.
Improvement of the catalytic performances implied a more complete understanding of the structure and genesis of the oxidic precursor, which permitted the development of new preparation methods.
The various steps of the preparation of these CoMo/Al 2 O 3 oxidic precursors will be revisited in this paper. The Dissolution/Precipitation concept that has been recently developed in the litteratur [2, 3] will firstly be presented. It will allow us to discuss the exact nature of the alumina supported oxomolybdate phase of conventional preparations. We will then discuss the formulation of new impregnating solutions and their preparation with new heteropolymolybdates as starting materials or with complexing agents, which permit to propose a new molecular design of the HDS oxidic precursor with improvement of the catalytic properties.
II. Experimental
In this section we only present the main techniques used for the characterizations and the preparation. Experimental details have been described previously in the cited references.
II.1. Characterization techniques -XAS STUDY
Mo and Co K-edge EXAFS (Extended X-ray Absorption Fine Structure) measurements were carried out in the Laboratoire pour l'Utilisation du Rayonnement Electromagnétique (Orsay), at the EXAFS D42 and D44 beamlines, otherwise stated. The synchrotron radiation from the DCI storage ring, running at 1.85 GeV with an average current of 250 mA was used.
-Raman spectroscopy
The Raman spectra of the samples, maintained at room temperature, were recorded using a Raman microprobe (Infinity from Jobin-Yvon), equipped with a photodiode array detector. The exciting laser source was the 532 nm line of a Nd-YAG laser, the power at the sample was less than 1 mW. The wavenumber accuracy was 2 cm -1 . In situ characterization of the oxidic precursor was obtained with a cell that was directly fitted on the microscope stage.
-NMR measurements
The 31 P NMR measurements of the solutions were carried out on a bruker AC300 spectrometer. Chemical shifts are negative towards higher field and are referenced to external 85 % H 3 PO 4 as a standard. The solvent used is H 2 O and all the solutions were prepared at 1.5 mol Mo per litre, i.e. the concentration of the impregnating solutions. The pulse length and the relaxation time were respectively equal to 1.8 µs and 20 s.
II.2. Preparation of the oxidic precursors
HDS oxidic precursors were prepared by incipient wetness impregnation of γ alumina extrudates with aqueous impregnating solutions, the formulation of which is the main purpose of the paper and will be discussed hereafter. Otherwise stated, the specific surface area (SSA) and the pore volume of the alumina used are respectively 250 m 2 /g and 0.6 cm 3 /g. After impregnation, the solids were let two hours at 20°C under H 2 O pressure vapour for maturation, in order to let the species diffuse into the alumina extrudates. Then the solids were dried under air at 100°C and calcined at 500°C for 4 h under oxygen otherwise stated. These oxidic precursors have been designated as xCoMo y , x being the Co/Mo atomic ratio and y the molybdenum loading expressed as a weight percent of MoO 3. The oxidic precursors prepared with modified impregnating solution are designated as the aforementioned ones in which the modifying agent is stated, i.e. P or En (Ethylenediamine), after the name (xCoMoyP or xCoMoyEn). Whatever the solids, the starting materials used for the preparation of the impregnating solutions is designated between brackets. Otherwise stated, the Co-based precursor is always cobalt nitrate and the P/Mo atomic ratio used for the preparation of conventional phosphorus based catalysts (prepared with H 3 PO 4 ) is always 2/5.
The Mo and Co loadings were determined by X-ray fluorescence by the "Service Central d'Analyses du CNRS" (Vernaison-France). Table 1 reports the denomination of the catalysts, the starting materials used for the preparation of the impregnating solutions, the Mo weight loading expressed as a weight percent of MoO 3 , the Co/Mo atomic ratio and the P/Mo atomic ratio for the phosphorus based catalysts or the En/Co molar ratio for the catalysts prepared with this complexing agent.
II.3. Catalytic activities
Whatever their preparation method, the catalytic performances of these solids were evaluated after calcination and transfer in air otherwise stated. -microcrystallittes MoO 3 , characterized mainly by the lines at 820 and 996 cm -1 , are then observed with the aforementioned polymolybdate phase. The appearance of this well defined oxide corresponds to the limit of good dispersion as determined by XPS [6] .
Various schemes of adsorption, represented in figure 1 , were then proposed. At low Mo loading (typically below 0.6 Mo per nm 2 i.e. 3 wt% MoO 3 for a classical HDS alumina support like the one used in this work), the adsorption of the monomolybdate through anionic exchange with the basic surface hydroxyl groups of the alumina has been proposed. At higher loading, various modes of adsorption of the heptamolybdate anions on the same sites were also considered [7] . Hence extensive modelling studies of molybdate adsorption isotherms were also performed by the Lycourghiotis's groups [8] . But the exact nature of the alumina surface site in presence of the impregnating solution and the exact nature of the polymolybdate phase were never clearly established.
In all these studies the oxide support was always considered as inert and never as a real reagent. But recent studies have shown that an extensive support dissolution may occur even at pH values between 7 and 8, a range in which the alumina is generally considered as being non soluble [2, 3] . Molybdenum is a versatile element which may create various heteropolystructures with many elements as shown in figure 2 . In presence of Al(III) the isopolymolybdate can yield a heteropolymolybdate anion. Figure 2a shows Figure 3 shows the Raman spectra after the different stages of preparation of an oxidic precursor with a Mo loading lower than the aforementioned limit of good dispersion. It clearly shows that after maturation (Fig. 3c ) the AHM features (Fig 3a) are no longer observed whereas the spectrum is similar to the AlMo 6 aqueous solution ( Fig. 3b) It has also been shown that no modification is observed after drying (Fig 3d) . This suggests that the AlMo 6 entities remain well dispersed on the alumina surface. But upon calcination, these well dispersed surface AlMo 6 entities are transformed. Indeed, the XANES spectrum of the calcined solids exhibits an intense pre-edge characteristic of the tetrahedral environment [10] . Moreover, the Raman spectrum (Fig 3f) exhibits a main line at 1000 cm -1 that has been assigned to the stretching mode of the molybdenyl group (MoO t ) in distorded tetrahedral entities [11, 12] . This suggests that upon calcination the AlMo 6 entities are decomposed and that the oxomolybdate surface phase consists of distorted tetrahedral entities with single molybdenyl groups that are linked to the support. However upon transfer in the wet air, these AlMo 6 entities are recovered as shown by the Raman spectrum (Fig 3e) that exhibits the features of the well dispersed AlMo 6 entities.
At Mo loadings higher than the aforementioned limit of good dispersion (3.5 Mo at per nm 2 ), the Raman spectrum (Fig 4b) exhibits the features of the ammonium 6-molybdoaluminate salt (Fig 4a) . This shows that a precipitation of this salt occurs during the maturation, which leads to the formation of MoO 3 microcrystallites upon calcination (Fig 4c) .
Indeed the Raman spectrum of the calcined solid after transfer in air exhibits the lines at 820
and 996 cm -1 that are characteristic of this oxide.
III.1.b. Co promoted catalysts
Only catalysts with Mo loadings corresponding to the limit of good dispersion will be considered hereafter. The formation of the well dispersed AlMo 6 entities is evidenced by
Raman spectroscopy on these cobalt-promoted oxidic precursors after maturation (Fig 5a) [ (main lines at 1000 and 840 cm -1 , spectrum not reported here) [3] , and after transfer the well dispersed AlMo 6 entities are restored (Fig 6a) . But the Raman spectra of these calcined solids also exhibit after transfer in wet air the features of well defined crystalline phases, i.e the (a)CoMoO 4 phase (Fig 6b) [14] with the main lines at 940 and 818 cm -1 and the MoO 3 oxide (Fig 6c) with the main lines at 995 and 819 cm -1 . These well defined phases should originate from the aforementioned CoMo oxyhydroxide phase and ammonium 6-molybdoaluminate precipitate evidenced before the calcination.
III.2. Conventional phosphorus based catalyst preparation

III.2.a. Ammonium heptamolybdate based impregnating solutions
It is now well admitted that the addition of Phosphorus in conventional impregnating solutions (AHM based solutions) has a beneficial effect on the catalytic properties. However, the exact origin of this improvement was not clearly established. Although it has been proposed that phosphorus could have a catalytic role [15] , some authors have proposed that the main role of phosphorus is to improve the dispersion of the active metals [16] . [17] . Other studies have
proposed that the presence of phosphorus leads to the formation of P-Mo heteropolycompounds in the oxide form of the catalysts [18, 19] .
The formation of the diphosphopentamolybdate HPA, the structure of which been given in Fig 2f, has been clearly evidenced upon addition of phosphoric acid in the abovementioned CoMo impregnating solutions [20] [21] [22] as shown in Figure 7a ,b. These spectra are characteristic of this HPA by reference to literature data [23] . No other oxomolybdate entities are evidenced at a P/Mo atomic ratio of 2/5, a ratio that corresponds to the optimum P loading [16] . After impregnation of the alumina support with such a solution and drying, the main lines characteristic of this HPA are still observed (Fig 7c) with an intense line at 880 cm -1 which has not yet been assigned. This shows that a partial decomposition of the P 2 Mo 5 O 23 6- anion occurs during the maturation as suggested by others authors [7, 24, 25] , even if others considered that this entity is stable in the pores of alumina [20] . These contradictions could be assigned to the different experimental conditions under which these studies were carried out.
Indeed, such a partial preservation is possible as the pH at the zero point of charge of the solid is inside the pH range of stability of this HPA (i.e. 4-6).
Upon calcination these entities are transformed into the aforementioned tetrahedral adsorbed entities and upon transfer in the wet atmosphere the AlMo 6 entities are restored as shown by Raman spectra in Fig 7d and ) [28] , the structure of which being given in figure 2d. The formation of this HPA was also evidenced by P NMR spectroscopy by a line at -2.45 ppm as shown in figure 9 [28]. Its formation is observed for a P/Mo atomic ratio higher or equal to 1/9. This figure shows that, at an atomic ratio P/Mo = 2/5 corresponding to the one used for the impregnating solution, the dawson entity is the main Mo based one present in solution. But the presence of free phosphates in large amount and of the H 6 PMo 9 O 34 3-anion in very low amount is also evidenced by respectively the intense line at 0.5 and the line at -0.9 ppm [29] . Raman spectroscopy showsthat the Dawson structure (main Raman lines at 974 and 713 cm -1 ) is maintained upon introduction of cobalt nitrate in this MoP based solution as shown in figure   8c whereas a decomposition is observed upon addition of the cobalt as a carbonate salt.
Indeed the Raman spectrum (Fig 8b) shows that, at low metal loading, the presence of phosphorus is not required since it does not play any catalytic role in HDS of thiophene. But whatever the method of its introduction, the presence of P at high Co loading induces an improvement of the thiophene conversion, which is assigned to a better dispersion of the active metals (lines 2, 4 and 6). Indeed the formation of CoMoO 4 and MoO 3 microcrystallites was not observed for these CoMoP based catalysts whereas they were evidenced on the CoMo ones. These oxides microcrystallites are difficult to sulfide and yield bulk Co 9 S 8 which cannot promote the MoS 2 slabs. Finally, whatever the method of preparation of the Phosphorus-based impregnating solutions, the catalytic performances are similar (lines 4 and 6), which confirms the similarity of the surface oxomolybdate phase after calcination.
III.3. Thiophene conversion
III.4. Conclusion
These results clearly show that upon impregnation with AHM solutions, AlMo 6 entities are formed inside the alumina pores during the maturation. However at high loadings, a precipitation of its ammonium salt occurs that gives MoO 3 crystallites upon calcination.
Thus the limit of good dispersion corresponds to the maximum of solubility of the AlMo 6 ammonium salt in the pore of the alumina support. Below this limit, the well dispersed AlMo 6 entities decomposes upon calcination, but they are restored upon transfer in air. It may thus be considered that the oxidic precursor consists of well dispersed AlMo 6 entities in the thin film of water covering the alumina surface and interacting electrostatically with this surface as reported by Carrier [2] . Indeed, the alumina is positively charged thanks to the pH of the Mo solution in the pore. This well dispersed oxomolybdate phase is also observed on the CoMo oxidic precursor after maturation as well as after calcination and transfer in wet atmosphere.
However, upon increasing the Mo and/or the Co loading, a CoMo oxyhydroxide phase and the ammonium 6-molybdoaluminate precipitate are evidenced after the maturation, which yield MoO 3 and/or CoMoO 4 microcrystallites upon calcination as shown by Raman microscopy. Thus, the formation of these precipitates is detrimental to the metal dispersion as well as to the catalytic performances. These microcrystallites remain intact upon transfer in a wet atmosphere whereas the well dispersed surface AlMo 6 entities are restored by hydration of the surface tetrahedral oxomolybdate entities obtained upon calcination. Thus it is always the same well dispersed surface oxomolybdate phase that is activated to give the active sulfided phase, the calcination appearing as a levelling step of the different preparation methods. Nevertheless, an improvement of dispersion is obtained at high metal loadings upon introduction of P in a conventional CoMo impregnating solution, inducing the formation of a diphosphopentamolybdenum heteropolyanion, the solubity of its ammonium salt being higher than the AlMo 6 and CoMo oxyhydroxide one. This allows us to avoid any precipitation.
Similar effect can be obtained with the MoO 3 based impregnating solutions because another very soluble HPA is deposited, moreover without ammonium counterions in the solution. A better dispersion at high metal loadings as compared to conventional preparations is obtained.
IV. Keggin based CoMoP impregnating solutions
Fortunately molybdenum can create many heteropolystructures with various elements such as phosphorus, silicium, cobalt or nickel atoms [30] . We therefore proposed the use of Keggin type HPA as starting materials, the structure of which being shown in figure 2b. The most known is the phosphomolybdic acid, the cobalt salt of which can be prepared by ionic exchange [21] (Co 3/2 PMo 12 O 40 ). An impregnating solution containing only the element to be deposited (Co 2+ and the HPA) can thus be obtained. The Raman spectrum of this solution exhibits, by reference to the literature [31] [32] [33] , the features of the Keggin structure (Fig 10a: main Raman lines at 990, 603 and 251 cm -1 ). This shows that the Keggin structure is maintained upon this exchange but its decomposition is observed upon deposition on alumina as evidenced on figure 10b, the Raman spectrum being characteristic of the well dispersed AlMo 6 entities. This decomposition is induced by the buffer effect of the alumina. After calcination and transfer in the wet atmosphere, the Raman features of the AlMo 6 entities are recovered and the Raman spectrum does not exhibit the features of the molybdenum oxide or cobalt molybdate (spectrum not reported). This result is in agreement with the absence of any precipitate after the maturation as the Co loading induced by the atomic ratio Co/Mo of this salt is low and as there is no ammonium counterions.
The Cobalt being introduced as counterion of the HPA, the Co/Mo ratio is defined by the stoechiometry of the salt but it is lower than the optimum one (about 0.5) defined experimentally for conventional preparations [34] . This ratio can be increased by using cobalt salts of the reduced Keggin HPA (Co 7/2 PMo 12 O 40 ), the preparation of which was described elsewhere [21] . Oxidic precursors were prepared with impregnating solutions containing this reduced entity and it has been shown by a polarographic analysis of the washing solution of the solid that the HPA is preserved upon impregnation on alumina and drying under N 2 [35] .
Nevertheless, after calcination under N 2 at 400°C followed by transfer in the wet air, the reduced HPA is decomposed into reduced polymolybdate species as well as into AlMo 6 entities. But after calcination under air, followed by transfer in wet atmosphere, only AlMo 6 entities are evidenced by both the Raman spectra of the corresponding solids and the polarographic analysis of their washing solutions (not shown here) [35] . (Fig 10d) . Its decomposition, induced by the buffer effect of the alumina, induces the formation of AlMo 6 entities, which are recovered after calcination and transfer in the wet atmosphere. Table 3 gives the thiophene conversion of a 14 wt % MoO 3 versus the Co/Mo ratio of these HPA-based catalysts. It can be noticed that at low Co content, the activities are similar whatever the starting material used (lines 1, 3 and 5). This means that no improvement of the promoter effect is observed with these HPAs at low content. Nevertheless, the conversion obtained with the Keggin type HPAs shows an improvement at high metal loading as compared to P based conventional preparations (lines 2, 4, 6 and 7). It could firstly be assigned to an increase of the Co and Mo dispersion thanks to the absence of any precipitation during the maturation, which is at least due to the absence of ammonium counterions.
Moreover, the fact that the Keggin based catalysts are more active than the conventional phosphorus based ones can be discussed in terms of a better interaction between Co and Mo entities. Indeed, the conventional imprenating P-based solutions contain the P-Mo and Co entities but they also contain other ions such as NH 
V. New CoMo impregnating solutions
It thus appeared that the use of HPA as starting material is an interesting way to prepare very efficient catalysts. (Fig 2e) , which can be considered as the dimer of the former one. In both entities the Co 3+ atoms are surrounded by a crown of molybdenum octahedra. In order to have a high Co/Mo atomic ratio, cobalt salts of these HPAs [40, 41] have been prepared, which moreover allows us to avoid the presence of any foreign counterions such as ammonium or nitrate.
In this paper we will only consider the decamolybdocobaltate cobalt salt (Co 3 Co 2 Mo 10 O 38 H 4 ) as it permits to prepare oxidic precursors with a Co/Mo ratio corresponding to the optimum one for a classical preparation (Co/Mo=0.5). Simulations of the experimental EXAFS signal of the oxidic dried (Fig 11) performed with the bulk starting material Co 3 Co 2 Mo 10 O 38 H 4 crystallographic data gave very satisfactory results, clearly confirming the preservation of these compounds until the drying step of the preparation [13] .
Results of the simulation, given in [41] . This preservation, that is in agreement with the pH stability domain of this HPA in aqueous solution, is also confirmed by XANES spectroscopy.
Indeed the CoK edge XANES spectrum of the dried oxidic precursor, that is reported in figure   12 , exhibits a broad line with two components at 7733 and 7725 eV that correspond respectively to the Co 3+ central heteroatom and to the Co 2+ atoms in counterions position.
Raman spectroscopy also evidenced this preservation whereas after calcination and transfer in the wet air, the Raman spectra only exhibited the features of the well dispersed AlMo 6 entities (spectra not reported). Better performances are also observed at low Mo loading (Fig 13) . This could only be assigned to a better promoting effect as the morphology (length and stacking) of the CoMoS is similar to the reference one [13] . Thus, this suggests that the preservation of the starting HPA during the maturation step enables us to avoid the loss of Co atoms inside the alumina support. These later ones are thus available for the decoration of the molybdenum disulfide crystallites.
VI. Impregnating solutions with chelating agents
An improvement of the promoting effect has thus been obtained with the decamolybdocobaltate HPA, a structure in which the Co heteroatom can be considered as chelated by the Mo ones. But it is now well admitted that the introduction of a complexing agent (citric acid, NTA….) had a beneficial effect on the catalytic performances [42] [43] [44] .
Typical example of such study concerns the introduction of Ethylenediamine (En) in a conventional CoMo impregnating solution [45] . A complete spectroscopic study (Raman, UV-Visible…) has shown that the main species present in the impregnating solutions are the well known MoO 4 2-monomer (the pH being 9 after addition of the complexing agent) and a Co(En) 3 3+ complex. CoMo based catalysts were prepared by incipient wetness impregnation of an alumina support with developed textural features (Pore volume=1 cm 3 /g, SSA=350 m 2 /g). UV-Visible and Raman spectroscopy showed that these species are preserved at the maturation step [45] [46] [47] . Upon drying, the molybdenum concentration inside the porosity increases, thus inducing the formation of polymolybdate entities, characterized by a Raman line at 950 cm -1 , while the Co-En complex is preserved due to its high temperature stability and probable interaction with the alumina surface (spectra not reported here). After calcination and transfer in the wet air, the Raman spectrum exhibits the main features characteristic of the well dispersed AlMo 6 entities whereas Co 2+ atoms inside the alumina lattice are evidenced by UV-Visible spectroscopy (The reduction of Co 3+ to Co 2+ is due to the decomposition products of En during calcination). We clearly showed that En allowed us to increase the metal loading (up to 5.2 atoms per nm 2 i.e. 30 wt % MoO 3 with the support used in this study) with preservation of the dispersion [45] . An increase of the thiophene conversion is observed at very high loading as compared to conventional CoMo catalysts (Table 5 ). This can be explained by the absence of bulk oxides such as MoO 3 or CoMoO 4 [46] generally observed at these high Mo loadings. Recently, J. A. Beerwerff [26] et al showed that the use of complexing agents, such as citric acid, induces a better dispersion of molybdenum entities inside the alumina extrudates by decreasing the interaction between Mo and alumina.
Indeed, this inhibits the formation of AlMo 6 entities in large amount near the outer surface of these extrudates that could be obtained after impregnation with an AHM solution on Al 2 O 3 .
A higher conversion is also observed at lower Mo and Co loadings (3 Mo atoms per nm 2 i.e. 14 wt % MoO 3 with the support used in this study), when En is introduced in the impregnating solution (Table 5 : lines 1 and 2). This should be assigned to the better promoting effect of the cobalt as the preservation of the Co entities during maturation permits to avoid the loss of Co atom inside the alumina support or in the aforementioned CoMo oxyhydroxyde phase. It should also be noticed that upon increasing the Mo loading, the promoting factor (conversion ratio between promoted and unpromoted catalysts at the same Mo loading) remains constant for a simultaneous impregnation with En (about 6) [47] .
More recently, others authors have proposed the use of complexing agents (En, EDTA or NTA…) [43, 48] for the preparation of oxidic precursors and have showed that an improvement of the performances can also be obtained without any calcination before the activation. But in that case, the effect is quite different as this improvement has to be assigned to the modification of the genesis of the active CoMoS phase [43, 48, 49] .
Thus, whatever the nature of the complexing agent, it can be considered that their use is motivated by the need to prepare impregnating solutions in which the Mo and/or Co chelated entities are preserved during the maturation step, which permit to improve the dispersion as well as the promoting effect of the Cobalt.
VII. Conclusion
The aim of this paper is to be more comprehensive than exhaustive through a dedicated choice of results we obtained and that we completed with some litteratur data. A molecular approach based on well defined examples has allowed us to discuss the chemistry that occurs during the maturation, based on the hypothesis that no limitation is induced by the porosity. It has been shown that the alumina support is not inert and the concept of dissolution/dispersion and dissolution/precipitation has permitted to clearly define the nature of the deposited phase during the preparation of the oxidic precursor. It has thus been deduced that the nature of the deposited entities depends only on the chemistry of the solution in the pores of the alumina support, taking into account all the different species that can be formed inside it. However after drying and calcination this is always the same dispersed polymolybdate phase that is obtained which shows the levelling effect of this thermal treatment.
However, at high Mo loading, an improvement of the dispersion of the oxomolybdate phase can be obtained using more stable starting anion than the aforementioned AlMo 6 or CoMo oxyhydroxide one. This can be obtained by adding phosphorus in the impregnating solution that permits to avoid any precipitation during the maturation, which is at the origin of the limit of good dispersion. Similar effect can be obtained with the use of phosphomolybdic cobalt salt, which permits moreover to avoid the presence of ammonium cations and therefore to avoid any precipitation, which occurs when ammonium is present in the impregnating 
